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INTRODUCTION
Craniofacial growth causes the jaw bones to grow in sizeand change their spatial relationship to the cranial base.This change in the orientation of the maxilla andmandible in the vertical plane is referred to as jawrotations. Björk introduced growth rotations as a featureof normal facial growth.1,2 Jaw rotations may occur eitherin a forward or backward direction, but an averagegrowth pattern usually depicts a moderate degree offorward growth rotation of both jaws.3 Various studieshave used different terminologies for describing themaxillary and mandibular rotations.4-6
Jaw rotations during growth not only affect the finalposition of the facial bones but it may also affect thesurrounding soft tissues and teeth.7,8 In forward rotators,there is more posterior growth than anterior and theindividual is characterized by short face, short loweranterior facial height, horizontal palatal plane, decreasedmandibular plane angle, deep bite and crowded
incisors.9 While in backward rotators, there is moreanterior growth than posterior and the individual ischaracterized by long face, excessive lower anteriorfacial height, tipping of palatal plane down posteriorlyand up anteriorly, increased mandibular plane angle,open bite and proclined incisors.9 The treatmentmodality for the divergence pattern of the individualdepends on the etiology, growth status, smile and lipline, incisor display and severity of the malocclusion.The treatment options include growth modification,camouflage, orthognathic surgery or the utilization oftemporary anchorage devices.10
Atlas is the first cervical vertebra which connects thebase of skull to the spine. It has a vital role in the growthand function of the craniofacial complex. The growth ofthe atlas is usually completed by 7 years of age,11 whilethe growth of the maxilla and mandible continuesthroughout the adolescence.6 If the morphology of theatlas and the maxillary and mandibular growth patternsare significantly correlated, it will be helpful in identifyingthe future vertical growth pattern of a child. Themorphology of the atlas has been regarded as anindicator of the direction of mandibular growth. Huggarehas shown that there is a significant relationshipbetween the atlas dorsal arch and the direction ofmandibular growth rotation.12 Nisayif and Al-Sahaf foundsignificant correlation between the atlas dorsal arch andatlas anteroposterior and mandibular growth rotation.13They reported that as the height of the atlas dorsal arch
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and atlas anteroposterior increases, there is increasedhorizontal rotation of the mandible.13
A survey of pertinent literature shows that currently nolocal study has been conducted on this topic and veryfew studies have reported the correlation of themorphology of the atlas with the mandibular rotation.12,13Both maxilla and mandible contribute to the divergentpattern of an individual and none of the studies have yetreported the relationship of atlas morphology with themaxillary rotation. Therefore, this study was planned todetermine the correlation between the atlas morphologyand maxillo-mandibular divergence pattern.
METHODOLOGY
Subjects with ages between 18-25 years with good-quality standardized pretreatment lateral cephalogramswere included in the study. Subjects with previoushistory of orthodontic or orthopedic treatment, presenceof any craniofacial, dental anomaly, syndromes orhistory of trauma and surgery involving facial andvertebral structures were excluded from the study.
Data were collected retrospectively from the pretreatmentlateral cephalograms of orthodontic patients visiting theDental Clinics, The Aga Khan University Hospital,Karachi, Pakistan from February to August 2017. Thesample size was calculated in NCSS PASS Software(Kaysville, UT, USA) using the correlation value (r = -0.25)between the gonial angle and atlas anteroposterior asreported by Nisayif and Al-Sahaf.13 Keeping  = 0.05and power of study as 80%, this gave us a sample sizeof 189 subjects. This number was inflated by 10% toobtain a final sample size of 208 subjects (N). The entiresample consisted of equal number of male and femaleparticipants. An approval from the Ethical ReviewCommittee was obtained prior to conducting the study.
Digital images of lateral cephalogram were evaluatedand measured using View Pro-X (Rogan-Delft, Veenendaal,The Netherlands) software. The morphology of atlasvertebra was analyzed using the method as proposed byHuggare and Kylämarkula,14 and characterized intoatlas dorsum, atlas ventrum and atlas anteroposterior(Figure 1).
For evaluation of divergence pattern of subjects, lateralcephalograms of all participants were traced manuallyby the principal investigator on an acetate paper in adark room using an illuminator. The various mandibularangular parameters used were: sella nasion to goniongnathion (SNGoGn) angle, sella nasion articulare(saddle) angle, sella articulare gonion (articulare) angle,articulare gonion menton (gonial) angle, the sum ofposterior (saddle + articulare + gonial) angles and theFrankfort horizontal to sella gnathion (Y-axis) angle. Thevarious maxillary angular parameters that we have usedwere: facial plane to palatal plane (FPPP) angle, sellanasion to palatal plane (SNPP) angle, and the Frankfort
horizontal to palatal plane (FHPP) angle. The divergencepattern of an individual (normodivergent, hypodivergentor hyperdivergent) was based on the majority of abovementioned maxillo-mandibular angular parameters.
Data were analyzed in SPSS software for Windows(version 19.0, IBM, Armonk, NY). Kolmogorov-Smirnovtest was used to check the normality of the measure-ments, which showed a non-normal distribution; hence,nonparametric tests were applied. Mann-Whitney U-testwas used to compare maxillo-mandibular and atlas(atlas dorsum, ventrum and anteroposterior distance)parameters between genders. Spearman correlationwas used to determine the correlation between maxillo-mandibular and atlas parameters in both sexes. A p-valueof <0.05 was considered as statistically significant.
To rule out the measurement error, 30 cephalogramswere randomly selected, retraced and measurementswere repeated by the principal investigator for evaluationof intra-examiner reliability. Intraclass correlationcoefficient was applied which showed strong correlationbetween the two sets of readings (Table I).
RESULTS
Statistically significant differences were found betweenvarious maxillo-mandibular and atlas parameters whencompared in males and females. Hence, furtherstatistical analyses were performed separately for eachgender (Table II).
The correlations between atlas dorsum and maxillo-mandibular parameters were evaluated for both sexes(Table III). Among the mandibular parameters, thesaddle angle showed significant weak negativecorrelation (r = -0.3, p = 0.001) with atlas dorsum in males;whereas, the gonial angle showed significant weaknegative correlation (r = -0.2, p = 0.01), while Y-axisangle showed significant weak positive (r = 0.1, p = 0.04)correlation with atlas dorsum in females. Among the
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Figure 1: Evaluation of atlas morphology.1: Atlas dorsum is the maximum vertical extent of the atlas dorsal arch. 2: Atlas anteroposterior is the maximum anteroposterior horizontal distance.3: Atlas ventrum is the maximum vertical extent of the atlas ventral arch. 
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maxillary parameters, only SNPP angle in femalesshowed significant weak negative correlation (r = -0.2,p = 0.02) with atlas dorsum.
Spearman correlation was used to determine correlationbetween atlas anteroposterior and maxillo-mandibularparameters in both sexes (Table III). Among themandibular parameters, the saddle angle showedsignificant weak negative (r = -0.2, p = 0.03), whilearticulare angle showed significant weak positivecorrelation (r = 0.2, p = 0.005) with altas anteroposteriorin males. Among the maxillary parameters, SNPP (r = -0.2,p = 0.003) and FHPP (r = -0.3, p = <0.001) angles inmales showed significant weak negative correlation withatlas anteroposterior. However, none of the maxillo-mandibular parameters in females showed significantcorrelation with atlas anteroposterior.
Similarly, the correlation between atlas ventrum andmaxillo-mandibular parameters was obtained for bothgenders (Table III). The only SNPP angle in femalesshowed significant weak negative correlation (r = -0.2,p = 0.03) with atlas ventrum.
DISCUSSION
Prediction of anticipated maxillo-mandibular divergencepattern of the individual has long been debated in theorthodontic literature. Björk proposed seven structuralsigns to predict the type of growth rotations.15 As thenumber of variables present in a certain individualincreases, the likelihood of an accurate prediction ofdivergence pattern also increases. Skieller et al. havereported that these variables are only applicable incases with severe skeletal discrepancy.16 Anothermethod was proposed by Skieller et al.,16 which is basedon evaluation of mandibular inclination, intermolar angle,shape of lower border of mandible and inclination ofsymphysis on lateral cephalogram. However, Leslie et al.have reported that the information obtained using thismethod is inappropriate and cannot be used to predictthe direction of future divergence pattern of theindividual.17 Recently, Yasa et al. have found significantassociation between the sella turcica morphology andthe divergence pattern.18
The cervical spine, particularly the first and secondvertebrae, are adjacent to the mandible and studies
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Table I: Assessment of the reliability of measurements.
Parameters Mean ± SD ICC
First Second
Mandibular
SNGoGn angle (degree) 32.0 ±4.4 32.7 ±4.3 0.9
Saddle angle (degree) 126.8 ±6.4 127.2 ±6.4 0.8
Articulare angle (degree) 141.2 ±6.2 141.8 ±6.2 0.9
Gonial angle (degree) 127.0 ±7.4 128.2 ±8.4 0.9
Sum of posterior angles (degree) 395.2 ±5.8 395.7 ±5.8 0.8
Y-axis angle (degree) 60.9 ±3.7 61.3 ±3.3 0.9
Maxillary
FPPP angle (degree) 86.7 ±3.9 87.2 ±4.0 0.8
SNPP angle (degree) 7.9 ±4.0 8.4 ±4.0 0.8
FHPP angle (degree) 0.1 ±2.2 0.6 ±2.3 0.8
Atlas
Dorsum (mm) 10.9 ±1.8 8.4 ±4.0 0.7
Anteroposterior (mm) 50.6 ±3.5 51.5 ±3.8 0.8
Ventrum (mm) 10.9 ±1.5 11.5 ±2.5 0.8
n = 30;   ICC = Intraclass correlation coefficient.
Table II: Comparison of maxillo-mandibular parameters and atlasmorphology between genders.
Parameters Males (n=104) Females (n=104) p-value
Median (IQR) Median (IQR)
Mandibular
SNGoGn angle 29.0 (8.0) 31.5 (6.0) 0.001**
Saddle angle 122.5 (9.9) 125.5 (6.0) 0.046*
Articulare angle 142.25 (8.0) 142.5 (9.4) 0.729
Gonial angle 123.0 (10.5) 126.25 (7.8) 0.006*
Sum of posterior angles 391.0 (9.5) 394.25 (8.3) 0.001**
Y-axis angle 61.0 (4.0) 60.0 (5.0) 0.770
Maxillary
FPPP angle 88.0 (5.8) 88.0 (5.0) 0.342
SNPP angle 7.0 (5.0) 8.0 (4.5) 0.036*
FHPP angle 0.50 (5.0) 0.5 (3.9) 0.945
Atlas
Dorsum 10.1 (2.4) 9.9 (2.0) 0.40
Anteroposterior 50.5 (3.7) 46.6 (3.5) 0.001**
Ventrum 10.8 (1.7) 10.1 (1.7) 0.001**
n = 208;   IQR = Inter Quartile Range;   Mann Whitney U-test*p <0.05;   **p <0.001.
Table III: Correlation between atlas dorsum, anteroposterior and ventrum and maxillo-mandibular parameters in males and females.
Parameters Atlas Dorsum Atlas Anteroposterior Atlas Ventrum
Males                       Females Males Females Males                       Females
r-value p-value r-value p-value r-value p-value r-value p-value r-value p-value r-value p-value
Mandibular
SNGoGn angle -0.177 0.072 -0.134 0.175 -0.142 0.150 0.037 0.712 0.007 0.947 -0.085 0.392
Saddle angle -0.321 0.001* 0.051 0.609 -0.208 0.034* 0.051 0.606 -0.175 0.075 -0.007 0.947
Articulare angle 0.144 0.146 0.110 0.265 0.274 0.005* 0.091 0.358 0.081 0.414 0.126 0.203
Gonial angle 0.029 0.772 -0.245 0.012* -0.124 0.208 -0.061 0.537 0.092 0.354 -0.108 0.277
Sum of posterior -0.142 0.149 -0.048 0.628 -0.145 0.143 0.028 0.777 -0.031 0.756 0.020 0.840
Y-axis angle 0.062 0.534 0.197 0.045* 0.126 0.203 0.086 0.384 0.132 0.182 0.169 0.087
Maxillary
FPPP angle -0.042 0.670 -0.176 0.074 -0.154 0.118 -0.135 0.172 0.016 0.868 -0.178 0.071
SNPP angle -0.182 0.064 -0.222 0.024* -0.290 0.003* -0.086 0.387 -0.117 0.235 -0.203 0.038*
FHPP angle -0.145 0.141 -0.155 0.115 -0.343 <0.001** -0.125 0.207 -0.139 0.160 -0.067 0.502
n=208 (males 104, females 104);   Spearman Correlation;   Weak Correlation (± 0.01 < r < ± 0.5);   Moderate Correlation (± 0.5 < r < ± 0.8);  Strong Correlation (± 0.8 < r < ± 1);  *p < 0.05; **p < 0.001.
have reported their association with the size of themandible, mandibular divergence and craniofacialmorphology.19-21 Hence, the aim of the present studywas to determine the correlation between atlas dorsum,atlas ventrum and atlas anteroposterior and the maxillo-mandibular divergence pattern of the individual.
Huggare was the first to assess atlas morphology andregarded it as the predictor of mandibular growthrotation.12 He reported that the height of atlas dorsalarch significantly correlated with the horizontal rotationof the mandible. The atlas as seen on lateralcephalogram was characterized into atlas dorsum, atlasventrum and atlas anteroposterior. The authors usedvarious maxillo-mandibular parameters for categorizationof individuals into normo, hyper or hypodivergent patternin the present study. However, only a weak correlation ofatlas dorsum was found with mandibular parameters.
In this study, statistically significant differences werefound between atlas (atlas anteroposterior and ventrum)and various maxillo-mandibular (SNPP, SNGoGn,saddle, gonial and sum of posterior angles) parametersacross gender. Nisayif and Al-Sahaf found statisticallysignificant difference in the atlas anteroposterior only inboth genders.13 Gender differences were also found inthe studies by Kylamarkula and Huggare and Al-Hashimiand Al-Azawi.22,23
This study reveals varying correlation between atlas andmaxillary and mandibular parameters, which are stratifiedaccording to the gender. Nisayif and Al-Sahaf conducteda study on Iraqi population with a sample size of 200individuals and evaluated correlation between atlasparameters and various mandibular parameters only.13Further, they did not stratify their results according togender. They have reported significant weak negativecorrelation between SNGoGn, sum of posterior angles,gonial angle and Y-axis, and atlas dorsal arch. Similarly,the present authors also found significant weak negativecorrelation between gonial angle and atlas dorsum in thefemale sample; on the contrary, there was a significantweak positive correlation between Y-axis angle and atlasdorsum in females. They earlier also reported asignificant weak negative correlation between SNGoGn,sum of posterior, gonial and Y-axis angles, and atlasanteroposterior.13 However, the present authors found asignificant weak negative correlation of saddle angle anda significant weak positive correlation of articulareangle with atlas anteroposterior in the male sample.Additionally, they have reported non-significant weakcorrelation between atlas ventrum and variousmandibular angular parameters.13 Similarly, the presentauthors also found non-significant weak correlationbetween atlas ventrum and various mandibular angularparameters in both genders. The differences in theresults could be due to morphogenetic differences indifferent population and manual tracing of the lateral
cephalograms and measurements of angular parametersin this study.
Another study conducted by Jahjah and Hassan inCaucasian population with a sample size of 30individuals, found weak positive correlation betweensaddle and gonial angles and atlas anteroposterior andmoderate negative correlation between articulare andsum of posterior angles in male participants.24 Whereas,the present work found weak negative correlationbetween saddle, gonial and sum of posterior angles andatlas anteroposterior and a weak positive correlationbetween articulare angle and atlas anteroposterior inmale sample. Moreover, Jahjah et al. reported a weaknegative correlation between saddle angle and atlasanteroposterior and weak positive correlation betweenarticulare, gonial and sum of posterior angles and atlasanteroposterior in female participants.24 On the contrary,the present authors found moderate positive correlationbetween saddle, gonial and sum of posterior angles anda weak positive correlation between articulare angle andatlas anteroposterior in female sample. The differencesin the results could be due to CBCT scan based lateralcephalogram used in their study which gives high qualityimages with less magnification error.25
The authors have found a weak correlation betweenatlas morphology and maxillo-mandibular divergencepattern, so predicting the maxillo-mandibular divergencepattern using the atlas morphology is clearly notindicated, and other means of predicting future growthneed to be identified. Longitudinal study design isnecessary to evaluate the growth status of an individual,while we have acquired the data cross-sectionallywhich has certain limitations. A single centered studywith manual tracing and measurements of angularparameters on 2D imaging modality are the limitationsof the study. Moreover, only the sagittal and verticalmeasurements can be performed on lateral cephalogramfor atlas dimensions, so we recommend a threedimensional or volumetric assessment of atlasmorphology to predict the future divergence pattern ofthe individual.
CONCLUSION
Statistically significant weak correlation was foundbetween atlas and maxillo-mandibular parameters inboth genders. Therefore, longitudinal studies areneeded to evaluate the divergence pattern using atlasmorphology.
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